Introduction
The chemistry of the complex or chelate, concerning "coordination chemistry", evoked considerable attention in the recent years to study the structures which consist of Lewis acid (central metal) and Lewis base (ligands) through chemical bonding. Some metal chelates are formed virtually irreversibly and many are bound together by bonds that are quite stable and strong [1] . Schiff bases are of the most widely used organic moiety or compounds which are endowed with wild rang of interesting application fields. They have been shown to exhibit a broad range of biological activities including antimicrobial, antiviral and antipyretic properties [2] . The chelates of metal ions: Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and Hg(II) with a Schiff base derived from benzofuran-2-carbohydrazide with 3,4,5-trimethoxy-benaldehyde as primary ligand and malonyldihydrazide as secondary ligand have been synthesized. The geometrical structures of the chelates have been proposed in the light of elemental analyses, molar conductance measurements, infrared, electronic, proton nuclear magnetic resonance, and mass and electron spin resonance spectra. The antibacterial activity of the compounds was screened on some pathogenic bacteria [3] . Mixed ligand of Ni(II), Cu(II) and Zn(II) chelates of nicotinanilide and thiocyanate was prepared. The chelates were investigated by several physiochemical techniques. The chelates are of 1:2 [M:L] ratio and are non-electrolytes nature. A distorted tetrahedral structure was proposed for all chelates [4] .
Schiff bases with nitro group as substituent have been investigated in order to elucidate the coordination compounds whether the coordination exist through the oxygen or nitrogen atoms of nitro group. In this aspect, they have been found that nitro group can coordinate through oxygen side if there areno competing sites for the interaction. The coordination has been justified by bands of infrared spectra of the chelates [5] - [7] .
Despite the extensive use of Schiff bases in different applications within the region of pure chemistry, reports of detailed physiochemical investigation on coordination compounds are rather scanty. The aim of this work is to determine mixed ligands in which part of the ligands represent Schiff base. It is believed that this study would add to the present knowledge in coordination chemistry. This current experiment therefore provides some scientific justification for the utilization of chemicals useful for researchers in inorganic chemistry field [8] . So the present study will describe the synthesis of the Schiff base which used as primary ligand with pure 2-nitroaniline as secondary ligand in variable mixed ligand chelates with Co(II), Ni(II), Cu(II) and Cr(III) ions and to investigate the geometrical structures of the chelates.
Experimental

Material and Methods
All chemicals and reagents used in this investigation are of pure grade (BDH or Aldrich The Schiff base and the chelates were subjected to elemental analysis using 2400-CHN elemental analyzer. The molar conductivity of the chelates was measured in DMF solvent using digital conductivity meter CMD-650, at chemistry department, Benghazi University, Benghazi, Libya. The infrared spectra were carried out applying KBr disc technique using IFS-25 DPUS/IR spectrometer. The electronic spectra were measured in DMF solvent by using a Perkin-Elmer lambda-4β spectrophotometer. The mass spectra also carried out by using Shimadzu QP-2010 Plus. The electron paramagnetic resonance spectrum was recorded by using EMX ESR spectrometer (Bruker) 1998Y. All previous tools and analysis were done at micro-analytical centre, Cairo University, Giza, Egypt.
Synthesis of the Schiff Base
The Schiff base was synthesized by dissolving 4-dimethylaminobenz aldehyde (0.01 mol; 1.49 g) and same moles of 2-aminophenol in 50 ml of ethanol. The mixture was heated and stirred magnetically for 2 hrs. Yellow crystals will form then filtered, washed, dried and recrystallized from hot methanol to give pure crystals in excellent yield of 85%.
Synthesis of Mixed Ligand Chelates
A general procedure has been adopted for the synthesis of chelates in mild basic media. Ethanolic solutions (25 ml) of 0.01 moles of the salts [CrCl 3 ·6H 2 O; 2.67 g, CoCl 2 ·6H 2 O; 2.38 g, NiCl 2 ·6H 2 O; 2.37 g, or CuCl 2 ·2H 2 O; 1.71 g] were added to 25 ml of solution containing 0.01 moles of each of Schiff base and 2-nitroaniline. Few drops of ammonia solution (10%) were added to bring the mixture up to pH ≅ 6 -7 at which the precipitate will start to appear. The mixtures were refluxed for 3hrs. The obtained chelates of characteristic colors were filtered off, washed several times with hot ethanol and dried. The yields are shown in Table 1 . Table 1 ). The reactions can be represented by equations as followed.
Results and Discussion
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Chemical equations of synthesis
Microanalyses and Molar Conductance Measurements
The CHN elemental analysis data of the synthesized mixed ligand chelates as shown in (Table 1) 
Infrared Spectral Studies
Due to the chelate nature of the IR spectra of the mixed ligand chelates with varying intensities it is very difficult to assign all the bands attempts, however, have been made to assign some of the important vibrational stretching bands on the basis of the reports available in the literature. The infrared spectral results of the ligands and their Cr(III), Co(II), Ni(II) and Cu(II), mixed ligand chelates were listed in ( Table 2 ). The spectra of the mixed ligand chelates exhibit bands in the range of 3408 -3487 cm −1 analogous to the presence of water molecules as hydrated and coordinated [10] . Meanwhile, the same spectra show bands in the range of 1597 -1600 cm −1 assigned to ʋ(HC=N) vibration, the shifting of these bands to low frequency comparing to the Schiff base (L 1 ) confirmed the participation of this group in chelation through nitrogen atom [11] . The other coordination sites of which can take a part in coordination are NH 2 and NO 2 groups, the strong evidence of sharing of these groups can be seen from the position of the bands at 3349 and 1507 cm −1 , respectively in the spectrum of 2-nitroaniline (L 2 ). The changing of the NH 2 group band in the spectra of the mixed ligand chelates suggest the involvement of this group in chelation through nitrogen atom [12] . The changing of -NO 2 group band of the 2-nitroaniline in the spectra of the mixed ligand chelates indicate the involvement of this group in bonding with the metal ions [13] . New bands in the range of 641 -748 and 441 -537 cm −1 which are not exist in the free ligands are due to ʋ(M-O) and ʋ(M-N) vibrations and the appearance of these bands support participation of oxygen and nitrogen atoms of the azomethine, NO 2 and OH groups of the free ligands in chelation process [14] . 
Mass Spectra of the Ligands and Nickel(II) Chelate
The mass spectral fragmentations of the Schiff base (L 1 ), 2-nitroaniline (L 2 ) and Ni(II) chelate are shown in (Table 3, Figure 1 and Scheme 1). The peak at m/e+ = 238 analogous to C 15 H 14 N 2 O + . Meanwhile, another peak at m/e+ = 195 is equal the formula C 13 H 9 NO + . The structure C 12 H 7 O + is analogous to peak at m/e+ = 167. Meanwhile, the last peak at m/e+ = 64 is attributing to C 5 H 4 + . The base peak of 2-nitroaniline (C 6 H 6 N 2 O 2 ) at m/e+ = 138 due to the original molecular weight. The peak at m/e+ = 122 is analogous to the loss of oxygen atom from the compound. The loss of one nitrogen and one oxygen atoms give a peak at m/e+ = 92. The peak at m/e+ = 66 due to loss of CN. The same spectrum shows a peak at m/e+ = 39 corresponding to loss of two carbon atoms and three hydrogen atoms from the free compound. A peak at m\e+ = 27 is attributed to loss of carbon atom.
The only mass spectrum of the nickel chelate was done to seize the differences. The spectra shows a molecular ion peak at m/e+ = 429, correspond to [Ni(C 15 H 16 NO)(C 6 H 6 N 2 O 2 )(OH)(H 2 O)] + ·H 2 O. Whereas, the peak at m/e+ = 253 analogues to [Ni(C 13 H 9 NO 2 ]. The peak at m/e+ = 119 due to C 7 H 5 NO. The peak appeared at m/e+ = 83 attributed to C 4 H 5 NO. The last peak at m/e+ = 57 is corresponding to C 3 H 5 NO + .
Electronic Spectra and Magnetic Moment Studies
The electronic spectral results of the ligands and their mixed ligand chelates and their spectra all are shown in ( Table 2 ) due to 2 Eg → 2 T 2 g transitions. The intensity of the bands and the magnetic moment value (1.56 BM) also suggest the octahedral structure [19] . In case of Cr(III) chelate, the spectrum exhibits a band at 385 nm (26,178 cm −1 ) analogous to 4 A 2 g(F) → 4 T 2 g(F) transitions in agreement with the magnetic moment value (3.02 BM) and the strength of the bands to support the existence of an octahedral [20] . 
Electron Paramagnetic Resonance Spectrum (EPR) of Cu(II) Chelate
The EPR spectrum of the powdered sample of Cu(II) chelate of the formula [Cu(L 1 L 2 )(OH)(H 2 O)]·3H 2 O (Figure 2 ) was recorded at room temperature. The g-value of this chelate is 2.109. The obtained value deviated from the ideal value (2.0023). Even though there is deviation, still in agreement with the covalent character of metal ligand bonding and confirm the existence of an octahedral structure [21] [22].
Conclusion
The obtained mixed ligand chelates have been prepared and characterized by known several physiochemical techniques from which endowed data about the Schiff bases as primary ligand can chelate together with bidentate ligand as secondary ligand and ongoing confirm the existence of an octahedral geometry for all mixed 
